40-4(31  121  TECHNICAL  FEASIBILITY  STUDY  OF  NAVY  PIER  CONCEPTS 
CONCEPT  1  THE  EXPEDITIONARY  P1ERIU)  LIN  IT  Y) 
INTERNATIONAL  SAN  FRANCISCO  CA  JAN  83 
UNCLASSIFIED  NAVY  PIER  CONCEPTS- 1/83  N00014-80-C-0889 


1/1 


F/G  13/2 


NL 


DT1C  FILE  COPY 


NAVY  PIER  CONCEPTS 
REPORT  No.  1/83 


SUBMITTED  TO: 

DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  NAVAL  RESEARCH 
ARLINGTON,  VIRGINIA 

SUBMITTED  BY: 

I  T.Y.  LIN  INTERNATIONAL 

JANUARY  1983 


83  08  05  044 


REPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


4  TtT^E  'and  Subtitle 

5  Type  DP  REPOR”  A  PERIOD  COVERED 

Final  Jan.  82  to  Jan.  83 

The  Expeditionary  Pier 

6  PER  "ORMiNG  ORG-  REPORT  NUMBER 

7.  AjThOR'*; 

a  contract  OR  GRAn'"  NUMBER  »; 

- 

N00014-80-C-0869 

"  CONTROLLING  OFFICE  NAME  >NO  AOCRESS 

Office  of  Naval  R  search 
Department  of  the  Navy 
Arl ington ,  VA  2221 7 


*2  REPORT  DATE 

January  1983 

13  NUMBER  CP’  PAGES 
60 


14  MONITORING  AGENCV  NAME  A  ADDRESS«'r/  different  from  C  ontroll  in#  Olftre  15  SECuRl7  V  ClASS  'of  thl «  report 

Unclassi f led 

DECL  ASSiFiCAtTon  DOWNGRADING" 
SCHEDULE 


16  D(STRi8Ut,ON  STATEMENT  'of  this  Report) 


Approved  for  public  release:  distribution  unlimited. 


IT  Di5tRi0utION  STATEMENT  of  the  ebetract  entered  In  Block  20,  If  different  from  Report) 


19  KEY  WORD5  f Continue  on  reverse  at de  tf  neceeaary  end  Identify  by  block  number) 


Expeditionary  Pier 
Piers 


Design  Feasibility 
Floating  Pier 


Ports 

Concrete  Pier 


20  ABSTRACT  f Continue  on  reverae  aide  It  neceeeery  end  Identify  by  block  number ) 

The  expeditionary  pier  was  developed  to  provide  Navy  and  Marine  Corps 
expedi tionary  forces  operating  overseas  with  the  immediate  use  of  full-service 
piers.  These  piers  can  accommodate  from  four  to  six  ships  and  have  provision 
for  all  the  services  expected  from  a  permanent  pier.  Present  design  problems 
are  limited  to  consideration  of  the  hinge  joint  and  anchoring  system.  The 
cost  of  expeditionary  piers  would  be  higher  than  traditional  waterfront 
construction,  but  their  ability  to  move  with  the  Fleet  is  a  great  benefit. 


II 1 1 1  »i  I 


rvuimi 


DD  ,  FjSr„  1473  EOlTtON  OF  1  NOV  65  IS  OBSOLETE 


S  'N  01 02-1  P -01 4-6601 


[IMIMili 


SECURITY  CLASSIFICATION  OF  THIS  FACE  r *)••>>  D«»  Mnimmd, 


TABLE  OF  CONTENTS 

1.  INTRODUCTION 

2.  Till:  EXPEDITIONARY  PIER  CONCEPT 

2.1  Self-Sufficiency 

2.2  Berthing  Capacity 

2.3  Relocntability 

2.4  Rapid  Deployability 

3.  DESIGN  CONSIDERATIONS 

4.  DESCRIPTION  OE  THE  PIER 

5.  VALIDITY  OE  DESIGN 

6.  ANALYTICAL  AND  DESIGN  FEASIBILITY 

7.  MATERIAL  FEASIBILITY 

8.  CONSTRUCTION  FEASIBILITY 

9.  CONSIDERATIONS  OF  ALTERNATIVES 

10.  CONCLUDING  REMARKS 

APPENDIX  A  -  CALCULATIONS 

Drawing  1.  Expeditionary  Pier  Plan  and  Elevation  -  Scheme  A 

Drawing  2.  Spine  Pier  Longitudinal  Sections  -  Scheme  A 

Drawing  3.  Spine  Pier  Cross  Sections  -  Scheme  A 

Drawing  4.  Spine  Pier  Details  -  Scheme  A 

Drawing  5.  Expeditionary  Pier  Plan  and  Elevation  -  Scheme  B 

Drawing  6.  Expeditionary  Pier  Plan  and  Elevation  -  Scheme  C 

Drawing  7.  l  inger  Pier  Sections  and  Details 

Drawing  8.  Finger  Pier  Cross  Section 

Drawing  9.  Hinge  Connection-Finger  to  Spine  Piers 

Drawing  10.  Stiff-Leg  Anchor 

Drawing  11.  Flood  Basin  Construction  Method  -  1 
Drawing  12.  Flood  Basin  Construction  Method  -  2 
Drawing  13.  Expeditionary  Pier  Plan  and  Elevation  -  Scheme  D 


TECHNICAL  EEASIHILITY  STUDY  OK  PIER  CONCEPTS 


1.  INTRODUCTION 

TIh*  Navy  pier  concept  study  contract  for  the  your  1982/fdi  culled  for  the  continuing 
development  of  three  selected  pier  concepts  to  the  point  that  their  feasibility  vis- 
a-vis  the  state-of-the-art  technology  may  he  assessed.  and  their  deficiencies  and 
prohlcm  areas  iiientified.  The  three  concepts  selected  for  this  study  arc: 

Concept  1  -  The  Expeditionary  Pier 

(  oneept  2  -  The  Floating  Marina  Pier 

concept  ■!  -  The  Mobile  Underwater  Submarine  Hasc 

Each  concept  will  take  up  about  one  third  of  the  contract  year  that  began  in 
September  1982.  The  results  of  the  year's  work  will  also  lx*  presented  in  a  second 
paper  to  an  engineering  conference  in  or  out  of  the  USA. 

This  report  addresses  the  technical  feasibility  of  the  first  concept,  i.e.,  the 
expeditionary  pier,  and  is  organized  to  cover  the  various  study  areas  as  follows. 

a.  Investigation  of  the  general  validity  of  the  design,  and  the  parameters  used 
in  the  development  of  the  concept.  Loading  conditions,  pier  dimensions, 
structural  si/es.  flotation  characteristics,  etc.  that  were  assumed  for  the 
original  concept  will  be  verified  by  more  detailed  analysis  and  designs 
during  this  investigation. 

h.  Investigation  of  analytical  and  design  feasibility  The  purpose  I  ■  to 
determine  tin’  adequacy  of  the  state-of-the-art  (SOA)  technology  in 
carrying  out  the  analysis  and  the  design  of  expeditionary  piers. 

e.  Investigation  of  constructional  feasibility.  Current  construction  methods 
that  could  be  used  m  building  the  pier  will  be  surveyed  and  assessed. 

d.  Investigation  and  ident  ifieat  ion  of  problem  areas  and  technological  de¬ 
ficiencies.  This  will  be  assessed  in  relation  to  their  influence  and  impact 
nri  the  development  of  the  pier. 


2.  THE  EXPEDITIONARY  PIER 

To  recap,  the  expeditionary  pier  was  developed  to  provide  the  naval  expeditionary 
force  operating  overseas  the  immediate  use  of  a  full-service  pier.  To  be  effective, 
it  should  be  large  enough  to  accommodate  at  least  four,  preferably  six,  destroyer 
class  vessels,  l-or  these  purposes,  the  pier  must  be  self-sufficient,  of  sufficient  si/.e 
to  berth  four  to  six  ships,  relocatable  and  rapidly  deployable.  Those  features  will 
be  discussed  below. 


1 


2.1  Self-Sufficiency 


Sell -sufficiency  means  the  pier  is  equipped  to  provide  full  berthing  services  to  navy 
ships  and.  if  necessary,  to  enable  them  to  go  "cold  iron."  In  addition,  it  will  also 
carry  sufficient  quantities  of  supplies  to  replenish  the  slaps  for  long  periods  of  time, 
periorm  minor  repairs,  and  provide  recreational  and  training  facilities  for  the  ship's 
crew. 

2.2  Berthing  Capacity 

The  berthing  capacity  of  the  pier  is  determined  by  the  size  of  the  ships,  the 
configuration  and  the  size  of  the  pier.  Originally,  the  pier  was  designed  for  the 
future  Navy  ships,  which  were  conceived  to  be  small,  fast  and  powerful  vessels  that 
are  produced  in  sufficiently  large  numbers  to  achieve  the  effect  of  deterrence. 
Since  the  present  destroyer  class  Navy  ships  are  not  much  longer  than  the  assumed 
future  ship,  the  pier  should  provide  the  same  number  of  berths  for  the  present  ships, 
if  it  is  intended  to  be  used  in  the  near  future.  As  shown,  the  berthing  capacity  of 
the  pier  for  the  various  schemes  is  as  follows: 

Scheme  A:  Six  big  ships  (destroyer  class)  and  a  number  of  smaller  crafts  along 
the  central  section  of  the  spine  pier. 

Scheme  !i:  Same  as  Scheme  A 

Scheme  C:  Tour  big  ships  plus  smaller  crafts 

2.3  Kclocatability 

The  pier  must  not  only  be  seaworthy,  but  also  can  be  moved  over  long  distances  at 
reasonable  speeds.  Hence,  the  stream-lined,  arrow-shaped  configuration,  and  the 
retraotabil ity  of  the  finger  piers  jn  Schemes  \  and  B. 

2.4  Rapid  Deployability 

To  be  effective,  the  pier  must  be  quickly  operational  upon  arrival  at  site.  In  pursuit 
of  this  objective,  the  stift-leg.  single-fxunt  anchoring  system  has  been  developed  for 
the  use  of  the  expeditionary  pier. 


3.  dksicn  considerations 

The  following  considerations  have  been  assumed  for  the  preliminary  design  of  the 
pier,  in  addition  to  the  four  major  criteria  described  above. 

a.  Materials 

Important  criteria  for  the  selection  of  structural  materials  must  include 
lightness,  strength  and  durability.  Available  materials  that  meet  these 
criteria  include  lightweight  concrete  and  steel,  hither  material  is  feasible 
and  available.  I  or  the  purpose  of  this  investigation,  lightweight  concrete 
of  1211  prf  density,  and  prestressing  technique  are  envisaged. 
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b.  Environmental  I,oads 

The  pier  is  designed  for  a  wave  height  of  2lt  ft.  in  approximately  sea  state 
six.  with  wind  velocity  of  91)  mph.  The  wavelength  has  been  assumed  to 
tic  equal  to  the  length  of  the  pier,  for  maximum  sagging  and  hogging 
conditions. 

e.  l-'cndcring  System 

Modern,  fixed-position  rendering  systems  could  be  used  since  both  pier  and 
ships  move  together  with  little  variations.  In  the  pier  scheme,  shown  in 
this  report,  cell  fenders  of  the  buckling  cylinder  type  have  been  used. 
These  are  mounted  on  the  pier  and  located  at  such  a  level  that  they  will 
always  engage  the  berthing  ships  at  the  waterline  region  away  from  any 
hull  protrusions. 

(1.  Self-propulsion 

Although  the  use  of  tugs  is  envisaged  in  moving  the  pier,  a  self-propulsion 
system  on  board  the  pier  will  be  necessary  to  enable  the  pier  to  move 
under  its  own  power  in  ease  of  emergency.  This  system  may  well  be 
needed  to  assist  the  anchoring  system  in  keeping  station  during  severe 
storm  conditions. 


4.  DESCRIPTION  OF  THE  HER 

The  pier  is  essentially  shaped  like  an  arrow  to  reduce  resistance  against  water 
during  tow  or  operation.  The  difference  between  the  three  schemes  presented 
herein.  Schemes  A.  H  and  (’.  is  in  the  inclusion  of  the  finger  piers  in  Scheme  A  and 
IT  and  the  modification  to  the  aft  section  of  the  pier  in  Schemes.  B  and  (’.  Scheme 
A.  which  is  the  original  scheme,  has  two  ships  nesting  against  the  back  of  the  pier, 
i.e..  perpendicular  to  the  axis  of  the  pier.  In  Scheme  IT  the  aft  section  is  modified 
to  have  the  two  ships  berth  alongside  the  pier  in  order  to  reduce  current  forces 
against  the  pier  during  operation.  Scheme  ('  is  similar  to  Scheme  11  except  it  does 
not  have  the  linger  piers.  The  removal  of  the  finger  piers  would  bring  the  pier 
closer  to  the  SON,  and  make  it  more  readily  available  for  use  in  the  near-term 
future. 

\s  mentioned  before  the  pier  measures  940  ft  in  overall  length.  The  hull  for  all 
three  schemes  i>  91  ft  deep,  and  when  floating  with  normal  live  loads,  takes  a  draft 
of  approximately  it  ft.,  freeboard  is  therefore  17  ft.  The  hull  is  stiffened  by 
structural  walls  tint  aDo  serve  as  watertight  bulkheads.  Refer  to  Drawings  1 
through  ti. 


5.  VALIDITY  OF  DESION 

Hie  first  task  in  this  investigation  is  to  confirm  the  validity  of  the  preliminary 
design  in  general  for  the  purpose  of  subsequent  investigations.  Specifically,  the 
early  design  was  checked  to  ensure  that  its  structural  system  is  adequate  to 
withstand  the  assumed  construction,  towing  and  operation  conditions,  and  that  its 


flotation  and  naval  architectural  characteristics  arc  satisfactory.  Considerable 
effort  lias  also  been  made  to  resolve  design  problems  posed  by  the  two  major 
innovations,  i.c..  the  hinged  joint  for  the  finger  piers  and  the  stiff -legged  swivelling 
suction  anchor. 

The  results  of  this  confirmatory  investigation  are  contained  in  calculation  sheets 
appended  as  Appendix  A  at  the  back  of  this  report. 


6.  ANALYTICAL  AND  DESIGN  FEASIBILITY 

I  he  analysis  and  design  of  the  expeditionary  pier  as  represented  in  the  drawings 
could  tie  carried  out  with  the  state-of-the-art  technology.  This  consists  of  design 
guidance  provided  by  the  various  registration  societies  and  technical  and  profes¬ 
sional  institutions.  Similar  prior  design  and  constructions  include  the  prestressed 
concrete  pontoons  that  made  up  the  Hood  Canal  Bridge  in  the  State  of  Washington, 
the  4 t»t> -ft.  long  prestressed  concrete  LP(i  barge  that  ARGO  built  for  services  in 
Indonesian  waters,  and  the  700-ft.  long  prestressed  concrete  container  pier  now 
being  built  for  Alaska's  port  of  Valdez.  This  pier  is  100  ft.  wide  and  is  made  up 
of  two  Hit)  ft.  by  3 "i 0  ft.  by  30  ft.  deep  pontoon  units.  The  units  are  towed  in  from 
a  fabrication  yard  1,400  miles  away,  and  joined  and  post-tensioned  together  ii[x>n 
arrival  at  the  site.  The  pier  is  moored  to  eight  hollow  concrete  gravity  anchors 
each  measuring  20  ft.  square  in  plan  and  13  ft.  deep.  The  cost  of  this  floating  pier 
projt  et  was  reported  to  be  848  million. 

The  construction  of  our  pier  will  he  similar.  It  is  different  from  the  \aldcz  pier 
mainly  in  size. 

Deficiencies  in  the  state-of-the-art  technology  are  present  primarily  m  relation  to 
the  two  innovations  as  mentioned  before,  i.e.  the  hinge  joint  for  the  finger  piers  and 
the  s|jff-legged  swivelling  sjngle-point  mooring  involving  a  suction  anchor.  These 
arc'  commented  further  as  follows: 

Hinge  Joint  Between  l  inger  and  Spine  Piers 

The  purpose  of  the  hinge  joint  is  to  enable  the  finger  pier  to  be  retracted  during 
tow.  Tor  easy  connection,  the  joint  is  located  at  deck  level  and  consists,  ns 
conceived,  of  a  link  mounted  on  the  finger  pier  that  is  dropped  into  a  pin  mounted 
on  Hie  spine  pier  when  the  finger  pier  is  manuevered  into  position.  The  maximum 
tension  or  compression  at  each  of  the  two  connections  has  been  worked  out  to  be 
in  the  order  of  3.280  kips.  Although  reversal  of  stress  is  unlikely,  considerable 
stress  variation  that  may  range  from  (I  to  the  maximum  of  7,801)  kips  is  |>ossible, 
and  will  require  that  fatigue  conditions  bo  considered  in  designing  the  joints. 

A  concept  of  the  hinge  connection  is  shown  in  Figure  ft. 

The  Stiff-legged  Swivelling  Suction  Anchor 

The  stiff-legged  single  point  swivelling  anchoring  system  that  is  developed  fur  the 
pier  is  considered  most  likely  to  succeed  from  among  the  various  possibilities.  The 
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challenge  that  is  presented  to  the  designer  are  represented  in  the  requirement  that, 
(I)  the  system  must  be  capable  of  developing  the  unusually  large  holding  force 
necessary  to  keep  the  pier/ship  complex  and  on  station  and  (2)  the  system  can  be 
quickly  operational  upon  arrival  at  site. 

The  latter  requirement  also  includes  the  expectancy  of  the  pier  to  he  able  to  be 
retrieved  rapidly  for  quick  departure. 

These  requirements  will  rule  out  anchoring  systems  that  require  long  installation  and 
retrieval  times,  or  anchoring  systems  that  would  fix  the  orientation  of  the  pier  thus 
subjecting  it  to  current  forces  from  all  directions.  The  pier  must  be  made  to  turn 
and  face  the  sea  at  all  times  in  order  to  minimize  the  holding  force  on  the  anchor. 
This  leaves  only  the  single-point  dcadman  type  of  anchors  for  consideration. 

A  dcadman  anchor  normally  consists  of  a  large  concrete  box.  measuring  say  2'*  ft. 
by  25  ft.  on  plan,  winch  is  filled  with  ballast  such  as  sand,  gravel  or  lean  concrete, 
after  it  is  lowered  to  the  sea  bottom.  It  is  unfortunately  not  very  suitable  for  t ho 
purpose  of  our  pier  because  of  the  imprnctienily  large  size  involved,  and  the 
difficulty  of  recovering  the  dcadman  upon  departure  of  the  pier  from  a  location. 
The  dcadman  may  have  to  be  cut  loose  and  loft  behind. 

The  suction  anchor  will  solve  most  of  these  problems  because  of  its  relatively 
smaller  size  and  weight,  its  large  holding  power  because  it  invokes  the  resistance 
provided  by  a  relatively  largo  body  of  soil  mass,  and  the  short  installation  and 
extrication  times. 

Uncertainties  and  problem  areas  are  as  follows: 

1.  Application  limited  only  to  soils  that  are  penetrable  by  the  suction  anchor. 

2.  I. imitation  on  anchor  depth  of  water.  The  anchoring  system  as  shown  may 
be  applicable  to  water  depths  of  up  to  81)  ft. 

:5.  The  design  of  the  swivelling  joint  at  both  ends  of  the  stiff-leg. 

4.  The  requirement  of  a  swivelling  connection  to  the  anchor,  for  the  suction 
system  (or  pressure  system  for  the  extraeation  of  the  anchor)  that  can 
rotate  around  the  anchoring  system  together  with  the  stiff-leg  and  the 
pier. 

5.  The  inability  of  the  hinge  joint  to  take  large  and  quick  rotational 
movements. 

7.  MATERIAL  I’KASIHILITY 

No  difficulty  is  foreseen  in  using  lightweight  concrete  as  the  prime  structural 
construction  material  for  the  pier.  Lightweight  concrete  can  be  made  in  good  and 
consistent  quality  under  the  present  technology.  It  has  also  been  proverpfrtTsuitablc 
material  in  marine  applications.  An  oft-quoted  example  is  the  ligiiptftflght  concrete 
ship."  SS  Selma."  which  was  built  during  World  War  I.  After  the  war  it  was  scuttled 
and  sunk  in  tidal  waters  in  ( ialvmston  Hay.  When  examined  years  later,  both  the 


concrete  ;md  the  reinforcement  were  found  to  hr  in  excellent  conditions  even 
though  some  of  the  reinforcement  was  protected  by  a  concrete  cover  of  no  more 
than  half  an  inch. 

The  problem  concerning  material  mainly  boils  down  to  one  of  quality  control. 
Secondary  problems  do  exist  however,  l  or  example,  if  the  pier  is  stationary  in  one 
location  for  a  long  period  of  time,  it  will  have  the  problem  of  constantly  removing 
marine  growth  outside  the  hull.  The  concrete  could  be  coated,  or  additive  could  be 
included  in  the  mix  that  will  inhibit  marine  growth. 

Deficiencies  in  present  technology  also  include  the  development  of  fcndcring 
materials  that  can  absorb  much  higher  pressure  than  current  practice,  to  be  used 
in  cushioning  the  impact  between  the  finger  and  the  spine  piers.  The  pier  will  also 
need  a  repair  system  that  can  repair  all  except  the  most  severe  damage  to  the  hull, 
quickly  and  effectively. 

As  an  extension  of  the  expeditionary  pier  concept,  it  will  be  useful  to  develop  more 
energy-efficient  equipment,  possibly  solar-powered,  that  will  enhance  and  prolong 
the  usefulness  of  the  pier  on  duty  overseas. 


8.  CONSTRUCTION  FEASIBILITY 

Construction  methods  are  already  available  to  build  concrete  structures  such  us  the 
expeditionary  pier.  Unless  a  largo  number  of  piers  arc  constructed,  it  cun  be 
assumed  that  the  pier,  in  view  of  its  size,  will  be  constructed  in  segmental  units 
which  are  subsequently  assembled  and  joined  together  to  make  up  the  whole  pier, 
fhe  size  of  the  unit  is  generally  limited  to  3(10  or  400  ft.  in  both  horizontal 
directions.  There  are  several  method's  of  constructing  the  segmental  units.  They 
could  be  constructed  on  a  special-purpose  barge,  then  launched  into  the  water  when 
completed  to  a  certain  stage.  Alternatively,  they  could  be  built  in  a  shipyard  or 
dry-dock  type  of  facility,  on  slipways,  or  in  a  floor  basin,  which  is  the  method  shown 
in  Drawing  Nos.  11  and  12.  In  this  method,  the  construction  Mle  at  sea  front  is 
excavated  so  that  the  base  of  the  -site  is  below  the  sea  level  by  a  depth  that  is 
suff icient  for  the  partially  completed  lower  portion  of  the  pier  section  to  be  floated 
out.  During  construction  the  sea  is  kept  out  by  a  temporary  dike.  When  the  lower 
portion  of  the  pier  unit,  which  mainly  consists  of  buoyancy  chambers,  is  built,  water 
is  allowed  into  the  flood  basin  to  float  the  unit.  The  dike  is  then  beached,  and  the 
unit  towed  to  deeper  sheltered  waters  where  further  construction  is  continued  until 
completion. 

Deficiencies  in  the  state-of-the-art  technology  with  respect  to  the  construction  of 
the  pier  also  exist  in  the  areas  that  had  posed  difficulties  to  design  and  analysis, 
i.e..  the  finger/spine  pier  connection  and  the  single-point  suction  anchor.  Speci¬ 
fically: 

1.  The  hinge  joint  at  Doth  ends  of  the  link  that  connects  the  finger  pier  to 
the  spine  pier  will  provide  for  rotationul  movement  in  the  vertical  and 
horizontal  directions.  However,  the  joint  will  not  provide  for  torsional 
movement  between  the  two  piers  although  some  of  this  movement  could  be 


u  - 


tolerated  by  introducing  more  looseness  in  the  joint.  A  universal  or  ball 
joint  will  solve  this  movement  problem,  but  it  has  yet  to  be  developed  for 
this  application. 

The  problem  of  connecting  service  lines  across  the  joint 

3.  The  construction  of  a  swivelling  joint  for  the  suction  hose  connected  to  the 
anchor,  and  the  problem  of  controlling  the  lines  to  avoid  them  getting 
entangled  with  the  other  components  of  the  anchoring  system  as  it  swivels 
about  the  anchor. 

4.  The  joining  of  the  pier  units  will  pose  construction  problems  because  of 
their  size.  The  joining  method  shown  in  Figure  7  is  the  SOA  method  today. 
It  could  conceivably  be  improved  to  provide  for  more  tolerances  or  allow 
for  greater  construction  variations,  and  shorter  connection  time. 

5.  Quality  control.  Although  this  is  not  a  deficiency  in  the  sense  thatit  is 
beyond  the  state  of  the  art,  the  control  of  the  quality  and  the  consistency 
of  concrete  in  our  ease  will  assume  greater  importance  in  view  of  the 
magnitude  of  the  construction.  A  special  effort  will  have  to  be  made  to 
ensure  proper  and  stringent  quality  control. 


9.  CONSIDERATION  OF'  ALTERNATIVES 

As  can  ho  expected,  an  innovative  concept  is  open  for  a  vast  range  of  possible 
alternatives,  not  only  of  the  design  relevant  to  a  specific  purpose,  but  also  of  a 
great  variety  of  predictable  situations  for  which  the  pier  may  be  applied.  The  design 
as  presented  for  the  pier  is  therefore  far  from  being  a  finished  product.  In  earlier 
discussion  in  this  rof>ort,  three  configurations  of  the  pier  have  been  presented,  each 
incorporating  modifications  that  have  to  do  with  reducing  water  resistance,  and  wi’h 
removing  the  finger  piers  that  may  not  be  technologically  ready  if  the  pier  is  going 
to  be  constructed  in  the  near-term  future. 

In  view  of  the  considerable  size  of  the  pier,  it  is  conceivable  that  part  of  it.  c.g., 
the  finger  pier,  could  he  used  as  runways  for  military  aircrafts,  thus  augmenting  the 
role  of  the  pier  as  a  quasi-aircraft  carrier.  Figure  13  shows  how  the  finger  piers 
will  look  after  their  conversion  into  runways.  Hy  confining  the  runway  to  the 
forward  part  of  the  finger  pier,  it  would  still  be  possible  to  provide  two  berths  along 
the  lee  side  of  the  pier,  thereby  maintaining  its  berthing  capacity  to  four  destroyer 
class  vessels  in  spite  of  t he  conversion.  There  is  ample  space  below  deck  for  the 
storage  of  planes  and  supplies  to  supoort  the  pier  in  this  additional  role. 


10.  CONCLUDING  RI-MAKKS 

This  investigation  has  shown  the  technological  feasibility  of  an  expeditionary  pier 
that  can  bo  readily  deployed  Vo  provide  the  full  berthing  facilities  and  services  to 
Navy  ships  operating  overseas.  The  cost  of  such  a  pier  will  be  high.  However,  its 
availability  will  provide  the  Navy  with  a  new  option  in  its  operation  overseas,  the 
value  of  which  cannot  be  determined  solely  in  terms  of  cost. 


The  development  of  the  full  pier,  i.c.,  as  shown  in  Scheme  A  or  li,  will  depend  on 
the  successful  development  of  two  major  innovations,  i.e.  the  connection  between 
the  finger  piers  and  the  spine  pier,  and  the  stiff-legged  swivelling  suction  anchoring 
system.  These  innovations  and  the  problems  they  pose  can  be  solved  with  additional 
efforts  and  time,  part  of  which  may  run  parallel  to  the  further  development  of  the 
pier  itself.  They  should  not  in  any  case  hamper  the  development  of  the  pier,  since 
at  worst,  these  difficulties  could  be  removed  by  supplementing  them  with  systems 
that  are  already  within  the  state  of  the  art.  I'or  example,  the  incorporation  of  a 
dynamic  positioning  system  to  supplement  whatever  conventional  anchoring  system 
that  may  be  used,  instead  of  the  innovative  stiff-legged  swivelling  mooring  as 
conceived.  What  it  boils  down  to  is  whether  there  is  a  need  for  such  a  pier.  If 
there  is.  there  is  sufficient  reason  to  believe  that  the  pier  could  he  developed, 
designed  and  constructed  based  on  the  state-of-the-art  technology  in  a  matter  of  a 
few  years. 
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